Aging is a stage of the cachaça production process in which several chemical reactions occur between compounds extracted from the wood and other compounds present on the beverage. In an attempt to establish a profile regarding the chemical characterization of aged cachaças, phenolic compounds have been studied because of the specific characteristics of each wood species and their known antioxidant properties. This work sought to assess and compare the development of 12 phenolic compounds in cachaças aged in oak (Quercus sp) and amburana (Amburana cearenses) barrels during a period of 12 months. There was a progressive increase in the concentration of phenolic compounds in the beverage for both of the types of wood. The principal compounds encountered in the cachaça aged in oak barrels were gallic acid, syringaldehyde and syringic acid, while vanillic acid, syringaldehyde, sinapic acid and gallic acid were isolated from that aged in amburana barrels.
Introduction
Aging of alcoholic beverages is a common practice among producers that try to increase the value to their products, making them more competitive in the market [1] . Aging is responsible for improving organoleptic characteristics of cachaça, making its flavor more pleasant and mild. Some substances from the wood are incorporated into the beverage during aging [2] . In Brazil, most of the cachaça producers are small-scale producers, and a great variety of wood species may be used for aging [3] .
Although oak (Quercus sp) is the wood traditionally used for aging alcoholic beverages, several other types of native Brazilian wood species have been employed in the manufacture of barrels for aging cachaça, such as peanut (Plerogyne nitens), amburana (Amburana cearensis), cedar (Cedrela fissilis), jatobá (Hymenaeae carbouril), ipê (Tabebuia sp), freijó (Cordia goeldiana), garapa (Apuleia leiocarpa), balm (Myroxylon peruiferum), yellow mahogany (Plathynemia foliosa) and jequitibá (Carinian legalis) [4] . This practice has developed because of the high cost of oak, which is a wood typical of the Northern hemisphere [3] [5] [6] .
Among the several types of native Brazilian wood species, a species that has been studied with respect to the aging of cachaça is amburana (Amburana cearensis), which belongs to the Leguminoseae Papilonoideae (Fabaceae) family and is commonly known as amburana, imburana-de-cheiro and cumaru [7] . Although it is considered to be a native of the northeastern backlands, the occurrence of A. cearenses may be observed in nearly all of South America (from Peru to Argentina). It is a leafy tree that may attain a height of 15 m, with white flowers, flattened pod and brownish-red bark. It has a pleasant odor that is conferred by the presence of coumarins [8] .
The main reactions that occur during the aging process are reactions among secondary compounds obtained from distillation, direct extraction of wood components, decomposition of the wood macromolecules (cellulose, hemicellulose and lignin) and the subsequent incorporation of these compounds into the beverage. Furthermore, reactions may occur among the wood compounds and the original compounds of the distilled beverage [9] [10] .
The main compounds extracted from wood by the distillates are volatile oils, phenolic compounds, tannic substances, sugars, glycerol and non-volatile organic acids. Among them, the importance of studying phenolic compounds in aged cachaças because of the value of antioxidant compounds for human health should be highlighted [11] [12] .
Several studies have assessed the chemical and sensorial quality of aged beverages. Many aldehydes and phenolic acids have been found in distilled alcoholic beverages aged in oak barrels, such as vanillin, syringaldehyde, coniferaldehyde and sinapaldehyde, which were apparently formed by the acid alcoholysis of lignin. Other phenolic acids that have been identified are gallic acid, p-hydroxybenzoic acid, p-coumaric acid, cinnamic acid, vanillic acid and syringic acid [13] .
High-performance liquid chromatography with UV-Vis detectors is widely cited in the literature for the detection of phenolic compounds in beverages [14] - [17] . In addition to HPLC, other techniques are used, such as gas chromatography, capillary electrophoresis (CE), ultraviolet detection, electrochemistry, and fluorescent and mass spectrometries [18] . This work sought to compare the development of 12 phenolic compounds in cachaças aged during a period of 12 months in oak (Quercus sp) and amburana (Amburana cearensis) barrels using HPLC with UV-Vis detection.
Material and Methods

Sample Collection
The samples were produced in a commercial alembic located in the municipality of Perdões, Minas Gerais, Brazil during the harvest of 2011. Distillation was performed in a copper alembic. The cachaça was aged in oak (Quercus sp) and amburana (Amburana cearensis) barrels, both having a capacity of 200 L, and 130 L of beverage was stored in each barrel. The barrels were kept in closed sheds with controlled temperature and air humidity. They were positioned horizontally to provide a greater contact between the beverage and the wood, and the barrels were distanced from one another to avoid gas exchange. Two-liter aliquots were collected each month during 12 months and sent for the analyses of phenolic compounds. The analyses were performed at the Laboratório de Qualidade de Aguardentes, Departamento de Química (DQI), Universidade Federal de Lavras (UFLA).
Chromatographic Analysis
Chromatographic analyses were performed on a Shimadzu HPLC equipped with two model SPD-M20A high-W. D. Santiago et al. 3142 pressure pumps, a model DGU-20A3 degasser, a model CBM-20A interface, a model SIL-10AF automatic injector and a diode array detector (DAD). The column employed was an Agilent-Zorbax Eclipse XDB-C18 (4.6 × 250 mm, 5 µm) connected to an Agilent-Zorbax Eclipse XDB-C18 4-Pack (4.6 × 12.5 mm, 5 µm) pre-column.
The 12 phenolic compounds in cachaças aged in oak and amburana barrels were analyzed according to the method proposed by Anjos [2] . The phenolic compounds were gallic acid, catechin, vanillic acid, phenol, syringic acid, vanillin, syringaldehyde, p-coumaric acid, sinapic acid, coumarin, 4-methylumbelliferone and o-coumaric acid. The standards for these compounds were acquired from Sigma-Aldrich or Acros Organics. The solvents employed in the mobile phase were HPLC grade: methanol (Merck) and glacial acetic acid (J. T. Baker) and water type I obtained from a Milli-Q system.
External , and the volume injected was 20 µL.
Samples and standards were filtered through a 0.45-µm polyethylene membrane (Millipore) and injected directly into the chromatographic system. Injections of standards and samples were performed in triplicates. The identities of the analytes were confirmed using the retention times, and the profiles of sample peaks were compared with those of the standards.
To guarantee the analytical quality of the results, procedures were performed to validate the method, which was assessed according to the following parameters: selectivity, linearity, limit of detection, limit of quantification and accuracy [2] - [19] . The selectivity was determined through the use of a fresh cachaça (without contact with wood). Initially, an analysis of this cachaça, to which the standards were added, was performed. The mathematical relationship between the sign and the concentration of the species of interest was expressed by means of the line equations (analytical curves) and their respective determination coefficients (R 2 ). The limits of detection and quantification of the methods were estimated using the parameters of the analytical curve according to the mathematical equations: LD = 3 × (s/S) and LQ = 10 × (s/S), in which s is the estimate of the standard deviation of the equation for the regression line, and S is the angular coefficient of the analytical curve. The accuracy was assessed by means of recovery assays using three randomly chosen samples that were fortified with analyte standards at three different concentrations. The recovery was determined by considering the results obtained for each analyte using the following mathematical equation: %Recovery = [(measured concentration)/(expected concentration)] × 100 [19] .
Statistical Analysis
A completely randomized design (CRD) was used in a scheme of fractions subdivided in the space. The data were submitted to analysis of variance, and the means were compared by the Scott-Knott test at 95% of confidence using the statistical software SISVAR [20] . A principal component analysis (PCA) was performed to verify possible similarities between the types of wood with respect to the concentrations of phenolic compounds. Results were centered on the mean for posterior analysis, which was accomplished using the CHEMOFACE software [21] .
Results and Discussion
The chromatogram of the standard solution of the 12 phenolic compounds obtained through spectrophotometric detection after analysis of 20 μL by HPLC is presented in Figure 1 . The compounds were well separated under the chromatographic conditions employed.
The mean retention time observed for each compound was: 1) gallic acid (8.754 ± 0.433 min); 2) catechin , respectively. The method employed for the analysis of phenolic compounds in cachaça aged in wood barrels was shown to be highly sensitive. The differences may be explained by differences in chromatographic conditions, such as the equipment and/or methods adopted for quantifying the compounds [19] - [26] .
The accuracy of the analytical method was assessed by means of recovery assays in which the concentration of phenolic compounds was calculated through the increase of peak areas obtained after the addition of a known amount of standard to three randomly chosen samples [2] . The mean results for the percentage of recovery were 92% for gallic acid, 82% for catechin, 95% for vanillic acid, 90% for phenol, 92% for syringic acid, 96% for vanillin, 93% for syringaldehyde, 94% for p-coumaric acid, 91% for sinapic acid, 95% for coumarin, 96% for 4-methylumbelliferone and 86% for o-coumaric acid. According to Ribani and Collins [19] - [26] , the acceptable values of recovery for analyses are between 70 and 120%, with an accuracy of ±20%. However, depending on the analytical complexity of the sample, this value may vary from 50% to 120%, with an accuracy of ±15%. Thus, according to the results found in the present work for the 12 phenolic compounds studied, the method presented a high recovery, with the mean values ranging from 82% to 96%. There are studies in the literature reporting recoveries close to those observed in the current work [2] - [13] . The results obtained for the quantification of 12 phenolic compounds during the aging of cachaça in oak and amburana barrels are presented on Table 2 and Table 3 , respectively. A progressive increase in the concentration of phenolic compounds for each species of wood analyzed was observed. The concentration ranged from 0.331 to 1.770 mg•L −1 (for cachaça aged for 1 to 12 months in oak barrels) and from 3.679 to 20.049 mg•L −1 (for cachaça aged for 1 to 12 months in amburana barrels). It was evident that cachaça aged in amburana barrels contained higher concentrations of phenolic compounds. Such high concentrations may be explained by morphological differences, time of use and type of pre-treatment of the barrel [10] - [27] .
The cachaça aged in oak barrels contained a predominance of gallic acid, syringic acid and syringaldehyde, results that corroborate those of Anjos and Zacaroni [2] - [13] . The cachaça aged in amburana barrels contained predomnately gallic acid, vanillic acid, syringaldehyde and sinapic acid. This result differs from that of Santiago [17] , who assessed cachaça stored in amburana barrels during four months and observed a predominance of catechin, syringaldehyde and 4-methylumbelliferone. Generally, there is a progressive increase in the concentration of phenolic compounds in cachaças stored in different barrels. Despite the complexity of the process, the mechanism of the gradual increase in the content of acids and aldehydes seems to follow the scheme: cinnamic aldehydes (coniferaldehyde and sinapaldeído), benzoic aldehydes (vanillin and syringaldehyde) and benzoic acids (vanillic acid and syringic acid) [2] - [5] . The differences in the composition of phenols were observed in the chromatograms (Figure 3 and Figure 4 ) of the cachaças aged in oak and amburana barrels.
The PC1 × PC2 biplot of loadings and scores in which phenolic compounds of aged cachaças were related with the types of wood studied is presented in Figure 5 . The PCA showed that it was possible to describe 99.49% of the data with the first and second principal components, from which 98.61% of the total variance was described by the first component. According to this analysis, all the samples differed with respect to the phenolic compounds throughout the different months of aging and the type of wood used in the process.
Conclusion
The chromatographic method proposed for the determination of 12 phenolic compounds presented acceptable values for all the validation parameters analyzed. A progressive increase was observed with respect to the incorporation of phenolic compounds during the aging of cachaça in barrels constructed from both species of wood. The main compounds quantified in the cachaça aged in the oak barrel were gallic acid, syringaldehyde and syringic acid, and those observed in the cachaça aged in the amburana barrel were vanillic acid, syringaldehyde, sinapic acid and gallic acid. 
